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FIG. 7
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FIG. 9
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Ned
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SET TARGET DRIVING FORCE Ftar AT EACH VEMIGLE SPEED V
ON BASIS OF REQUESTED LONGITUDINAL V
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1
ACCELERATOR-PEDAL-COUNTERFORCE
CONTROL DEVICE AND VEHICLE

TECHNICAL FIELD

The present invention relates to an accelerator-pedal-reac-
tion-force control apparatus (accelerator-pedal-counterforce
control device) as well as to a vehicle in which areaction force
control unit is included for controlling a reaction force
applied to an accelerator pedal.

BACKGROUND ART

International Publication No. WO 2011/148753 (hereinat-
ter referred to as “WO 2011/148753 Al1”) discloses an
arrangement for controlling a pressing force (reaction force)
on an accelerator pedal 32 in a hybrid vehicle.

According to WO 2011/148753 A1, an accelerator opening
threshold value is set to a greater one of the values of a first
accelerator opening and a second accelerator opening for
each of respective vehicle speeds ([0036]). The accelerator
opening threshold value is a threshold value for increasing a
pressing force on the accelerator pedal 32, so that the pressing
force is greater than a base pressing force ([0033]). The first
accelerator opening is an accelerator opening defined by sub-
tracting a predetermined accelerator opening quantity o from
anaccelerator opening on an engine startup line, which serves
as a threshold value for switching from an EV travel mode to
an HEV travel mode ([0035]). The EV travel mode is a travel
mode in which the vehicle travels on only the power of a
motor generator 2. The HEV travel mode is a travel mode in
which the vehicle travels on the power of an engine 1 in
addition to the power of the motor generator 2 (|0014]). The
second accelerator opening is an accelerator opening defined
by adding an accelerator opening quantity 3, which acts to
achieve a drive power that accelerates the vehicle ata constant
rate, to an accelerator opening that serves to make the vehicle
cruise at a constant speed on a flat road for each of the
respective vehicle speeds ([0035], [0038]).

Japanese Laid-Open Patent Publication No. 2005-271618
(hereinafter referred to as “JP 2005-271618 A”) discloses an
accelerator-reaction-force control apparatus for use on a
hybrid electric vehicle. According to JP 2005-271618 A,
more specifically, the vehicle has a motor-driven domain in
which the vehicle is driven by a vehicle driving motor 7, and
an engine-driven domain in which the vehicle is driven by an
engine 6. When the motor-driven domain switches to the
engine-driven domain, the reaction force applied to an accel-
erator pedal 2 increases when the accelerator pedal 2 is
pressed (Abstract). Therefore, switching of the drive source
from the motor 7 to the engine 6 is indicated to the driver by
means of the reaction force that is applied to the accelerator
pedal (JOOO5]).

Furthermore, JP 2005-271618 A discloses a control pro-
cess for driving the vehicle with only the engine 6 and charg-
ing the battery if the amount of electric energy charged in the
battery is not equal to or greater than a predetermined value
(in FIG. 4, S1: NO—S9, [0018], claim 2).

SUMMARY OF INVENTION

According to WO 2011/148753 A1, as described above,
the accelerator opening quantity 3, which is added to a flat-
road constant equilibrium opening for cruising at a constant
speed, serves to achieve a drive power that accelerates the
vehicle at a constant rate (|0035], [0038]).
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However, when driving on actual roads, the rate of accel-
eration required by the vehicle may not necessarily be con-
stant. For example, if the vehicle speed is low, the vehicle
requires a higher rate of acceleration in order to reach a
vehicle speed to catch up with traffic. Further, if the vehicle
speed is high, it is possible for the vehicle to adequately catch
up with traffic even at a lower rate of acceleration.

Consequently, as disclosed in WO 2011/148753 Al, if the
accelerator opening quantity § for achieving a drive power
that accelerates the vehicle at a constant rate is added in order
to set a second accelerator opening regardless of the vehicle
speed, and the second accelerator opening is used as the
accelerator opening threshold value, then when the driver
presses on the accelerator pedal in order to achieve a rate of
acceleration required to catch up with traffic in a low vehicle
speed range, the pressing force (reaction force) increases,
which tends to make the driver feel uneasy and uncomfortable
concerning the pressing action. The disclosure of JP 2005-
271618 A also is silent in this regard.

The present invention has been made in view of the above
problems. An object of the present invention is to provide an
accelerator-pedal-reaction-force control apparatus and a
vehicle, which are capable of enhancing the ease with which
an accelerator pedal can be operated.

According to the present invention, an accelerator-pedal-
reaction-force control apparatus is provided, having a reac-
tion force control unit configured to control a reaction force
applied to an accelerator pedal of a vehicle. In the accelerator-
pedal-reaction-force control apparatus, an opening of the
accelerator pedal configured to increase the reaction force
applied to the accelerator pedal so as to be greater than a base
reaction force is defined as a reaction force increasing open-
ing, an opening of the accelerator pedal configured to allow
the vehicle to cruise at a vehicle speed at present is defined as
a cruise opening, and the reaction force control unit sets a
value, which is produced by adding a predetermined quantity
to the cruise opening, as the reaction force increasing open-
ing. Further, the predetermined quantity is established as a
value for achieving a longitudinal acceleration depending on
each of respective vehicle speeds.

According to the present invention, the value produced by
adding the predetermined quantity to the cruise opening is set
as the reaction force increasing opening. If the driver of the
vehicle depresses the accelerator pedal to the reaction force
increasing opening, it is possible to achieve a rate of accel-
eration that depends on the present vehicle speed. Accord-
ingly, it is possible to prevent the driver from feeling uneasy
and uncomfortable concerning the action to accelerate the
vehicle. In addition, the ease with which the accelerator pedal
is operated can be enhanced.

The reaction force control unit may set the reaction force
increasing opening such that the higher the vehicle speed is,
the smaller the predetermined quantity becomes. With this
arrangement, in a low vehicle speed range, it is possible for
the driver to achieve a relatively large acceleration by
depressing the accelerator pedal to the reaction force increas-
ing opening. As a result, it is possible for the vehicle to
achieve a rate of acceleration required to catch up with traffic,
for example. Further, in a high vehicle speed range, it is
possible for the driver to achieve a relatively small accelera-
tion by maintaining the accelerator pedal at the reaction force
increasing opening. As a result, it is possible to prevent the
vehicle from being accelerated excessively, thereby prevent-
ing degradation in fuel consumption or electric energy con-
sumption.

The reaction force control unit may set the reaction force
increasing opening to an opening of the accelerator pedal,
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which enables an engine that is mounted on the vehicle to
produce an output with better kinetic efficiency. In addition,
the predetermined quantity may be established as a value for
achieving an acceleration depending on each of the respective
vehicle speeds, and for enabling an electric generator that is
mounted on the vehicle to generate electric power under a
drive power from the engine. With this arrangement, by
depressing the accelerator pedal to the reaction force increas-
ing opening, the driver is able to accelerate the vehicle while
the engine produces an output with better kinetic efficiency.
Consequently, it is possible to achieve a vehicle speed that
depends on each of the respective vehicle speeds, and to
enable the electric generator to generate electric energy while
fuel consumption is good. In addition, it is possible to inform
the driver concerning the opening of the accelerator pedal,
thereby enabling better fuel consumption at each of the
respective vehicle speeds.

Anopening of the accelerator pedal, at which a first driving
mode for driving the vehicle by energizing a motor that is
mounted on the vehicle and is used as a drive source of the
vehicle switches to a second driving mode for driving the
vehicle with at least an engine, may be defined as a first
opening threshold value. The value, which is produced by
adding the predetermined quantity to the cruise opening, may
be defined as a second opening threshold value. If the first
driving mode can be selected depending on a state of the
vehicle or an action taken by a driver of the vehicle, the
reaction force control unit may carry out a reaction force
control process using the first opening threshold as the reac-
tion force increasing opening. If the first driving mode cannot
be selected, the reaction force control unit may carry out a
reaction force control process using the second opening
threshold as the reaction force increasing opening.

With the above arrangement, if the first driving mode (in
which the vehicle is driven with only a motor) can be selected,
a reaction force control process for increasing the reaction
force applied to the accelerator pedal is carried out upon
switching from driving the vehicle with only the motor to
driving the vehicle with at least the engine. Thus, itis possible
to inform the driver that the vehicle is being driven with better
fuel consumption. Further, if the first driving mode (in which
the vehicle is driven with only the motor) cannot be selected,
a reaction force control process is carried out, which uses a
value produced by adding the predetermined quantity to the
cruise opening as the reaction force increasing opening. Con-
sequently, it is possible to prevent the driver from feeling
uneasy and uncomfortable concerning the action to accelerate
the vehicle. Therefore, both of the reaction force control
processes are compatible with each other.

The accelerator-pedal-reaction-force control apparatus
may further include a mode switching unit configured to
switch between the first driving mode and the second driving
mode. The mode switching unit may select the first driving
mode and the second driving mode depending on the opening
of the accelerator pedal if the vehicle speed is less than a
predetermined value, and may select the second driving mode
if the vehicle speed is greater than the predetermined value. In
addition, if the vehicle speed exceeds the predetermined
value, the reaction force control unit may change from the
reaction force control process using the first opening thresh-
old to the reaction force control process using the second
opening threshold.

With the above arrangement, whether the first driving
mode (in which the vehicle is driven with only the motor) can
be selected or not is determined depending on the vehicle
speed. If the vehicle speed is less than a predetermined value,
i.e., if the vehicle is in a low vehicle speed range, the first
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driving mode (in which the vehicle is driven with only the
motor) and the second driving mode (in which the vehicle is
driven with at least the engine) are switched from one to the
other depending on the opening of the accelerator pedal. If the
first driving mode can be selected, then the first opening
threshold value is used. On the other hand, if the first driving
mode cannot be selected, the second opening threshold value
is used. Further, in a state in which the first driving mode can
be selected changes to a state in which the first driving mode
cannot be selected depending on the vehicle speed, the reac-
tion force control process using the first opening threshold
value changes to the reaction force control process using the
second opening threshold value. Consequently, it is possible
to carry out the reaction force control process depending on
the driving mode (the driving state of the vehicle).

A vehicle according to the present invention includes the
above accelerator-pedal-reaction-force control apparatus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a vehicle in which an accel-
erator-pedal-reaction-force control apparatus is incorporated
according to an embodiment of the present invention;

FIG. 2 is a diagram showing selective characteristics for
drive sources at a time that a remaining electric power level of
a battery is high, i.e., a map for a high remaining electric
power level;

FIG. 3 is a diagram showing selective characteristics for
the drive sources at a time that a remaining electric power
level of the battery is low, i.e., a map for a low remaining
electric power level;

FIG. 4 is a diagram showing a first example of a relation-
ship between an opening of an accelerator pedal (pedal open-
ing) and a reaction force applied to the accelerator pedal
(pedal reaction force), if the pedal opening is increased and
then reduced at a time that the remaining electric power level
of the battery is high;

FIG. 5 is a diagram showing a second example of a rela-
tionship between the pedal opening and the pedal reaction
force, if the pedal opening is increased and then reduced at a
time that the remaining electric power level of the battery is
high;

FIG. 6 is a diagram showing an example of a relationship
between the pedal opening and the pedal reaction force, if the
pedal opening is increased and then reduced at a time that the
remaining electric power level of the battery is low;

FIG. 7 is a flowchart of a sequence, which is followed by a
reaction force electronic control unit in order to set a pedal
reaction force;

FIG. 8 is a diagram showing a map representing a relation-
ship between vehicle speed, a cruise opening, and first
through third reaction force increasing threshold values;

FIG. 9 is a flowchart of a sequence for setting first and
second acceleration assistance threshold values (second and
third reaction force increasing threshold values);

FIG. 101is a diagram illustrating a process of determining a
target driving force for each of respective vehicle speeds;

FIG. 11 s a diagram showing a map, which is used when an
acceleration assistance opening is set on the basis of the target
driving force;

FIG. 12 is a diagram illustrating a process of setting the first
and second acceleration assistance threshold values; and

FIG. 13 is a diagram showing a modification of the rela-
tionship between the pedal opening and the pedal reaction
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force, if the pedal opening is increased and then reduced at a
time that the remaining electric power level of the battery is
high.

DESCRIPTION OF EMBODIMENTS
A. Embodiment

1. Arrangement of Vehicle 10
[1-1. Overall Arrangement]

FIG. 1 shows in block form a vehicle 10 in which an
accelerator-pedal-reaction-force control apparatus 12 (here-
inafter referred to as a “reaction-force control apparatus 12”
or a “control apparatus 12”) is incorporated according to an
embodiment of the present invention. The vehicle 10 com-
prises a so-called hybrid vehicle, which includes an engine 14
and a traction motor 16 (hereinafter also referred to as a
“motor 16”) as drive sources.

As shown in FIG. 1, in addition to the engine 14 (internal
combustion engine) and the motor 16 (electric motor), the
vehicle 10 also includes an alternator 18 (electric generator),
an inverter 20, a battery 22 (electric storage device), an SOC
sensor 24, a motor electronic control unit 26 (hereinafter
referred to as a “motor ECU 26”), a transmission 28, a trans-
mission electronic control unit 30 (hereinafter referred to as a
“T/M ECU 30”), a driving state electronic control unit 32
(hereinafter referred to as a “driving state ECU 32”), an
accelerator pedal 34, a pedal-side arm 36, an opening sensor
38, a reaction force motor 40, a motor-side arm 42, a vehicle
speed sensor 44, a longitudinal acceleration sensor 46 (here-
inafter referred to as a “longitudinal G sensor 46), and a
reaction force electric control unit 48 (hereinafter referred to
as a “reaction force ECU 48”).

According to the present embodiment, as described later,
the drive sources are selected, i.e., one or both of the engine 14
and the traction motor 16 are used, depending on the opening
of'the accelerator pedal 34 (hereinafter referred to as a “pedal
opening 0”). According to the present invention, using a
reaction force applied from the reaction force motor 40 to the
accelerator pedal 34 (hereinafter referred to as a “pedal reac-
tion force Fr”), the reaction force control apparatus 12 guides
the driver of the vehicle 10 to operate the accelerator pedal 34
in order to appropriately select the drive sources.

[1-2. Accelerator Pedal 34 and Related Components|

The accelerator pedal 34, which serves to control the out-
put of the drive sources, is fixed to the pedal-side arm 36. The
pedal-side arm 36 is swingably coupled to a non-illustrated
return spring. If the driver releases the accelerator pedal 34,
the accelerator pedal 34 is returned to its original position
under a biasing force from the return spring (spring reaction
force Fr_sp).

The spring reaction force Fr_sp serves as a basic reaction
force (base reaction force), which is generated depending on
the pedal opening 6, and is applied to the accelerator pedal 34.
However, the spring reaction force Fr_sp is not included
within the pedal reaction force Fr. In other words, the base
reaction force is related in one-to-one correspondence to the
pedal opening 6, and according to the present embodiment,
consists of only the spring reaction force Fr_sp. Alternatively,
if the feeling that the driver experiences with respect to press-
ing on the accelerator pedal 34 can be adjusted by an input
unit such as a non-illustrated switch, then the base reaction
force may include a portion of the driving force that is gen-
erated by the reaction force motor 40.

The opening sensor 38 detects an angle (pedal opening 0)
through which the accelerator pedal 34 is depressed from the
original position, and sends the detected angle to the driving
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state ECU 32 and the reaction force ECU 48. The pedal
opening 0 is used for controlling the drive sources (the engine
14 and the traction motor 16), and also is used for controlling
the reaction force (pedal reaction force Fr) that is applied to
the accelerator pedal 34.

The motor-side arm 42 is swingably disposed in a position
for abutment against the pedal-side arm 36. The reaction force
motor 40 actuates the motor-side arm 42 in order to apply a
pedal reaction force Fr to the pedal-side arm 36 and the
accelerator pedal 34. The reaction force ECU 48 includes an
input/output unit, a processor, and a memory, none of which
are shown. The reaction force ECU 48 controls the driving
force of the reaction force motor 40, i.e., the pedal reaction
force Fr, using a reaction force generating command Sr,
which is based on the pedal opening 0 and the vehicle speed
V of the vehicle 10, etc. The reaction force motor 40 may be
replaced with another driving force generating unit, such as a
pneumatic actuator, for example. The reaction force motor 40
and the reaction force ECU 48 function as a reaction force
applying unit for applying the pedal reaction force Fr to the
accelerator pedal 34.

[1-3. Drive Sources and Related Components]

The engine 14 (internal combustion engine), which serves
as a drive source for driving the vehicle 10, generates a driv-
ing force Fe [N] or a torque [N'm], supplies the generated
driving force or torque to the drive wheels, not shown, of the
vehicle 10, and actuates the alternator 18 in order to generate
electric power. The electric power [ W] generated by the alter-
nator 18 (hereinafter referred to as “generated electric power
Pgen”) is supplied to the battery 22, a 12-volt system, or to
various accessories or auxiliaries, etc., not shown. According
to the present embodiment, the engine 14 comprises a 6-cyl-
inder engine.

The traction motor 16 (electric motor), which comprises a
three-phase AC brushless motor, generates a driving force Fm
[N] or a torque [N'-m] for the vehicle 10 based on electric
power supplied from the battery 22 through the inverter 20,
and supplies the generated driving force or torque to the drive
wheels. The traction motor 16 generates electric power by
retrieving deceleration energy as regenerative energy (here-
inafter referred to as “regenerated electric power Preg” [W]),
and supplies the regenerated electric power Preg to the battery
22 in order to charge the battery 22. The regenerated electric
power Preg may be supplied to the 12-volt system or to
various accessories or auxiliaries, not shown.

The inverter 20, which is of a three-phase bridge design,
converts DC power into three-phase AC power, and supplies
the three-phase AC power to the traction motor 16. The
inverter 20 also converts AC power, which is regenerated
when the traction motor 16 operates in a regenerative mode,
into DC power, and supplies the DC power to the battery 22.

The SOC sensor 24 (remaining electric power level detect-
ing unit) comprises a non-illustrated current sensor, etc. The
SOC sensor 24 detects the remaining electric power level
(SOC: State Of Charge) of the battery 22, and sends a signal
indicating the detected SOC to the motor ECU 26, the driving
state ECU 32, and the reaction force ECU 48.

The motor ECU 26 (electric motor control unit) controls
the inverter 20 based on commands from the driving state
ECU 32 and output signals from various sensors, including a
voltage sensor, a current sensor, etc., not shown, thereby
controlling the output (propulsive power) of the traction
motor 16. The motor ECU 26 also controls operation of the
transmission 28 through the T/M ECU 30.

The driving state ECU 32 serves as an engine electronic
control unit (hereinafter referred to as an “engine ECU”) for
controlling the engine 14, and also controls a drive source
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assembly including the engine 14 and the traction motor 16

based on the pedal opening 0, the vehicle speed V, etc.

2. Controls According to the Present Embodiment

[2-1. Switching Between Drive Sources]

(2-1-1. General)

According to the present embodiment, the drive sources
are selected, i.e., the driving states of the vehicle 10 are
selected, in order to drive the vehicle 10 selectively in a mode
(hereinafter referred to as a “MOT mode”) in which only the
traction motor 16 is operated depending on the vehicle speed
V and a requested driving force Freq [N] (or a requested
torque [N-m]) for the traction motor 16, a mode (hereinafter
referred to as an “ENG mode”) in which only the engine 14 is
operated, and a mode (hereinafter referred to as an “ENG+
MOT mode”) in which both the traction motor 16 and the
engine 14 are operated. The above modes are selected or
switched depending on the vehicle speed V, the remaining
electric power level (SOC) of the battery 22, and the pedal
opening 0. Essentially, the pedal opening 0 can be treated as
an indication of the requested driving force Freq for the
traction motor 16.

(2-1-2. Switching Characteristics for Drive Sources when

Remaining Flectric Power Level of Battery 22 is High)
FIG. 2 shows selective characteristics for the drive sources

at a time that the remaining electric power level of the battery
22 is high, i.e., a map for a high remaining electric power
level. If the remaining electric power level of the battery 22 is
high, the battery 22 maintains the electric power level so as to
be high enough to drive the vehicle 10 using only the traction
motor 16, for example. Specific values of the remaining elec-
tric power level may be established appropriately depending
on the specifications of the traction motor 16, etc.

As shown in FIG. 2, if the vehicle speed V is relatively low
and the pedal opening 6 is relatively small, i.e., if the
requested driving force Freq is small, the MOT mode is
selected. If the pedal opening 0 is greater than in the MOT
mode, i.e., if the requested driving force Freq is greater than
in the MOT mode, or if the vehicle speed V is greater than in
the MOT mode, the ENG mode is selected. If the pedal
opening 0 is greater than in the ENG mode, i.e., if the
requested driving force Freq is greater than in the ENG mode,
or if the vehicle speed V is greater than in the ENG mode, the
ENG+MOT mode is selected.

(2-1-3. Switching Characteristics for Drive Sources when
Remaining Electric Power Level of Battery 22 is Low)
FIG. 3 shows selective characteristics for the drive sources

at a time that the remaining electric power level of the battery

22 is low, i.e., a map for a low remaining electric power level.

The low remaining electric power level of the battery 22

implies that the battery 22 cannot maintain a level of electric

power that is high enough to drive the vehicle 10 with only the
traction motor 16, for example. Specific values of the remain-
ing electric power level may be established appropriately
depending on the specifications of the traction motor 16, etc.

Compared with the selective characteristics shown in FIG.
2, the selective characteristics shown in FIG. 3 are free of a
domain for the MOT mode, because the selective character-
istics shown in FIG. 3 are used when the remaining electric
power level of the battery 22 is low, and hence the vehicle 10
is prevented from being driven by only the traction motor 16,
which requires the supply of a large amount of electric power
from the battery 22. However, the engine 14 is operated even
though the vehicle speed V is low and the requested driving
force Freq is small. Consequently, electric power consump-
tion by the battery 22 is minimized, and the battery 22 is
charged by the alternator 18, which is actuated due to the fact
that the engine 14 is operated.
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[2-2. Control of Pedal Reaction Force Fr|

According to the present embodiment, in order to appro-
priately select the drive sources (the engine 14 and the trac-
tion motor 16), the control apparatus 12 guides the driver of
the vehicle 10 to operate the accelerator pedal 34 using the
pedal reaction force Fr.

(2-2-1. When Remaining Electric Power Level of Battery 22
is High)
(2-2-1-1. MOT Mode Assistance)

Generally, when the vehicle speed V is low and the
requested driving force Freq is small, the vehicle 10 has lower
energy efficiency (fuel consumption efficiency) if the vehicle
10 is driven by the engine 14, and the vehicle 10 has higher
energy efficiency if the vehicle is driven by the traction motor
16. According to the present embodiment, if the vehicle speed
V is low and the requested driving force Freq is small while
the remaining electric power level of the battery 22 is high, the
MOT mode is selected (FIG. 2). In this case, the pedal reac-
tion force Fr is increased at a pedal opening 6 at which
switching occurs between the MOT mode and the ENG mode,
so as to inform the driver concerning the pedal opening 6 at
which switching occurs between the MOT mode and the ENG
mode, and thereby prompting the driver to select the MOT
mode.

More specifically, as shown in FIG. 2, if the pedal opening
0 exists on the line indicated by “TH1” (hereinafter referred to
as a “MOT mode assistance threshold value TH1”, a “f